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Abstract Data from the literature indicate that the pulmo-
nary pressure rises in cases of ethanol intake. We have
recently proposed a method for the detection of prevalent
right ventricular damage in cases of fatal pulmonary
thromboembolism and pulmonary fat embolism. In the
present study, we compared the expression of the antibodies
against fibronectin and C5b-9 in 19 cases of lethal alcohol
intoxications (study group: 5 females, 14 males, mean age
46 years, mean blood ethanol concentration 3.5‰, min.
2.11‰, max. 5.31‰) to a group of 26 cases of fatal
pulmonary thromboembolism (PE; group 2: 16 females, 10
males, mean age 56 years). Moreover, a group of 15 cases
of hanging (group 3: 5 females, 10 males, mean age
50 years) as well as a group of 18 cases of myocardial
infarction (group 4: 5 females, 13 males, mean age 61 years)
were investigated as examples of typical cardiac damage
due to global hypoxia during agony and ischemic damage,
respectively. The results of this study show that fresh
cardiac damage can be detected at both ventricles in cases
of fatal ethanol intoxication with the antibody against
fibronectin. The damage is prevalently localised at the right
ventricle (RV), as already observed in cases of acute
pulmonary hypertension determining right heart failure.
The degree of damage at the RV in cases of ethanol
intoxications is lower than the one observed in cases of
fatal PE.
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Introduction
Ethanol is one of the most common substances of abuse,
contributing to numerous accidental deaths as a concomi-
tant factor, i.e. in cases of traffic accidents, falls, drowning
or hypothermia [1]. Ethanol is also responsible for
numerous fatal intoxications; in such cases, it is generally
accepted that the death is related to its effects on the central
nervous system where it is particularly effective because of
its high lipophilicity [2]. At this level, ethyl alcohol at high
doses leads to the inhibition of the respiratory centres with
progressive global hypoxia and affects the circulatory
centres with progressive heart failure [2–4].
An important but not well-known effect of ethanol on
the cardiovascular system is the increase of the pulmonary
pressure. In 1907, Dixon [5] was the first to describe this
phenomenon after alcohol administration in an animal
model. He suggested that ethanol has an effect on the
medulla and the basal ganglia with consequent dilatation of
the skin vessels and constriction of the splanchnic ones.
Doeckel et al. [6] made similar observations in anesthetized
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mongrel dogs under the effects of ethanol and suggested a
selective increase in pulmonary vascular resistance. Ethanol
would act primarily as a potentiator of the hypoxia-induced
pulmonary vasoconstriction, as suggested by the fact that
pulmonary vascular resistance could be abolished by the
administration of a high oxygen mixture in the inspired air.
Also, a group of Finnish medicolegal researchers focused
on the effects of ethanol on the pulmonary circle: Kettunen
et al. [7] reported a linear correlation between increasing
blood ethanol concentration and increased pulmonary
arterial pressure due to increased pulmonary arterial
resistance. In a later study [8], the same group reported
depressed right ventricular activity due to increased right
ventricular afterload by constricting pulmonary arteries in
dogs with low blood ethanol levels. An ethanol-induced
pulmonary vasoconstriction was also observed in lambs and
rats [9]: on occasion of this research, the authors evaluated
the possible influence of ethanol-induced global hypoxia in
the determination of pulmonary artery constriction and
further discussed the potential role of locally produced
mediators such as histamines or leukotrienes from pulmo-
nary mast cells. Finally, a study conducted in six voluntary
healthy physicians demonstrated a rise in pulmonary
vascular resistance and pressure with diminished preload
of the left ventricle after ingestion of 0.5 g/Kg ethanol,
corresponding to peak blood ethanol concentrations
between 0.5‰ and 0.7‰ [10].
We have recently proposed an immunohistochemical
method for the detection of prevalent ischemic damage at
the right ventricle, determining acute right ventricular
failure and death in cases of severe fat embolism and
pulmonary thromboembolism [11, 12].
On the basis of those investigations and on the
information from the literature, with the present study, we
wanted to evaluate:
1 Whether fresh cardiac damage can be detected in
immunohistochemistry with the antibodies against fi-
bronectin and C5b-9 in the myocardium in cases of fatal
ethanol intoxication.
2 Whether the reaction pattern of those two markers in
such cases is similar to the one observed in cases of
acute fatal pulmonary hypertension.
Materials and methods
Investigated cases
We compared 19 cases of fatal alcohol intoxications (study
group: 5 females, 14 males, mean age 46 years, mean blood
ethanol concentration 3.5‰, min. 2.11‰, max. 5.31‰) to a
group of 26 cases of fatal pulmonary thromboembolism
(PE; group 2: 16 females, 10 males, mean age 56 years) in
which the acute increase of pulmonary pressure determined
right ventricular failure. Moreover, a group of 15 cases of
hanging (group 3: 5 females, 10 males, mean age 50 years)
as well as a group of 18 cases of myocardial infarction
(group 4: 5 females, 13 males, mean age 61 years) were
investigated as examples of typical cardiac damage due to
global hypoxia during agony and ischemic damage,
respectively. The cases were collected at the Institute of
Legal Medicine of the University Hospital in Münster,
Germany and investigated retrospectively. In each case,
information about the circumstances of death as well as
autopsy records were available. An overview of the
investigated cases is given in Tables 1 and 2, ESM 1 and
ESM 2.
Immunohistochemical reactions
In each case, immunohistochemical reactions with the
antibodies fibronectin (Polyclonal Rabbit Anti-Human,
DAKO Deutschland GmbH, Hamburg, Germany) and
C5b-9 (Monoclonal Mouse Anti-Human, DAKO Deutsch-
land GmbH, Hamburg, Germany) of both cardiac ventricles
(free wall of the right ventricle (RV), anterior and/or
posterior wall of the left ventricle (LV)) were prepared as
described elsewhere [13, 14]. A blind investigation of the
slides was performed by two different observers with final
consensual evaluation. The positive reactions were semi-
quantitatively classified as follows (Fig. 1) [11]:
Level 0 Negative
Level 1 Single cell necrosis
Level 2 Group cell necrosis
Level 3 Diffuse necrosis
Statistical analysis
The level of necrosis in each ventricle for each antibody
was compared to the corresponding value of the groups 2, 3
and 4 (level of necrosis RV fibronectin study group versus
level of necrosis RV fibronectin groups 2, 3 and 4; level of
necrosis RV C5b-9 study group versus level of necrosis RV
C5b-9 groups 2, 3 and 4; level of necrosis LV fibronectin
study group versus level of necrosis LV fibronectin groups
2, 3 and 4; level of necrosis LV C5b-9 study group versus
level of necrosis RV C5b-9 groups 2, 3 and 4).
The difference of the level of the necrosis between right
and left ventricle was calculated in each case (Δ=level
necrosis RV−level necrosis LV) with both antibodies. A
comparison of these differences between the study group
and groups 2, 3 and 4 was performed.
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Statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC).
Fisher’s exact test was used for all comparisons between
the investigated groups. The result was considered significant
in case of the two-sided p<0.05.
Results
The comparison of the reaction with the antibody against
fibronectin at the RV showed a similar expression of the
antibody in cases of ethanol intoxications, myocardial
infarctions and cases of hanging. A statistically significant
difference was observed instead in the comparison of the
study group with the group PE (p=0.0038). In detail, in the
study group, three cases did not show positive reactions
with fibronectin at the RV, three showed single cell
necrosis, and 10 group cell necrosis. Diffuse necrosis was
not observed at the RV in this group. In group 2, 12 cases
showed group cell necrosis and 14 diffuse necrosis. The
right ventricle was quantitatively much more affected in
group 2 than in the study group.
The comparison of the reaction with the antibody against
fibronectin at the LV showed a prevalent damage at this
ventricle in cases of myocardial infarction (p<0.0001)
compared to ethanol intoxications. Similarly, the comparison
with the group hanging showed a major involvement of this
ventricle in the hanging group; however, with a significance
at the limit of the stated significance level (p=0.0532). The
comparison with the group PE shows a similar expression of
this antibody in the two groups.
The comparison of the parameter Δ fibronectin showed
a statistically different distribution in cases of ethanol
intoxications compared to myocardial infarctions (p<
0.0001) and to cases of hanging (p=0.0143). The comparison
with the group PE showed a similar distribution of this
parameter in the two groups.
With the antibody against C5b-9, single cell necrosis
was observed once at the RV in cases of ethanol
intoxications and twice in cases of myocardial infarction.
Group cell necrosis was observed in six cases of myocardial
infarction at the LV. Diffuse necrosis was observed once at
LV in cases of myocardial infarction. In cases of PE, the
reaction against the terminal complement complex C5b-9
turned out positive in eight cases at the RV (level 1 was
observed in five cases, level 2 in three cases) and was
constantly negative at the LV.
Discussion
When the right ventricular pressure is severely increased,
the oxygen demand of the RV is augmented while the
right coronary artery flow is reduced as it mainly occurs
Table 1 Study group, fatal ethanol intoxications with bac>2‰ (N=19; 5 females, 14 males, mean age 46 years)
ID Sex Age Bec ‰ Uec ‰ RV fibronectin LV fibronectin Δ fibronectin RV C5b-9 LV C5b-9 Δ C5b-9
1 m 46 2.67 3.87 2 0 2 1 0 1
2 f 32 5.12 6.20 2 1 1 0 0 0
3 m 46 3.84 4.73 2 1 1 0 0 0
4 m 42 4.47 5.82 2 1 1 0 0 0
5 m 44 3.59 5.15 2 0 2 0 0 0
6 m 42 3.22 4.26 3 1 2 0 0 0
7 f 46 3.28 4.09 1 0 1 0 0 0
8 m 26 2.11 – 2 0 2 0 0 0
9 m 59 3.19 – 2 2 0 0 0 0
10 f 53 3.4 3.77 3 2 1 0 0 0
11 f 50 3.35 – 2 1 1 0 0 0
12 m 69 2.79 3.58 2 0 2 0 0 0
13 m 27 4.17 – 0 0 0 0 0 0
14 m 44 3.50 – 2 0 2 0 0 0
15 f 61 3.05 – 3 0 3 0 0 0
16 m 46 3.62 4.7 0 0 0 0 0 0
17 m 69 3.40 3.85 1 0 1 0 0 0
18 m 29 5.31 5.33 1 0 1 0 0 0
19 m 42 2.7 4.06 0 0 0 0 0 0
Dashes indicate that urine could not be collected at autopsy
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during diastole. Moreover, during RV dilatation, the
interventricular septum shifts toward the LV reducing
the septal-to-lateral dimension of this chamber. Leftward
septal shift results in mechanical stiffening of the
interventricular septum, reducing LV compliance [15,
16] and determining lower LV output with lower coronary
perfusion. The combination of increased demand and
decreasing blood flow determines ischemic damage [17],
primarily occurring in the sub-endocardial regions [18,
19]. Such damage is responsible for the right ventricular
failure that occurs in cases of pulmonary thromboembo-
lism and severe pulmonary fat embolism.
The immunohistochemical markers whose expression
was investigated in this study were chosen because they are
known to react in cases of early myocardial ischemia, and
they allow an easy detection of the damage even in cases of
single cell necrosis or of necrosis of little groups of cells
[20].
In cases of ethanol intoxications, fresh cardiac damage
could be detected with the antibody fibronectin at both
ventricles. If compared to the distribution observed in
cases of myocardial infarction and hanging, we observed
that the damage is prevalently localised at the right
ventricle, as well demonstrated by the comparison of the
Δ values. This means that in cases of ethanol intoxica-
tion, fresh cardiac damage is distributed differently from
cases in which cardiac ischemia or global hypoxia
occurs: in these groups, in fact, the damage is mostly
localised at the LV or equally distributed at the two
chambers. It is worth mentioning that in a similar study,
in which the cardiac damage in cases of cardiac
infarction and ethanol intoxication were compared,
Kapustin [21] could not detect fresh damage of the
cardiomyocytes in the ethanol group in conventional
histology.
For what concerns the comparison with the group of
PE, our results show that the degree of damage at the
right ventricle in the second group is much higher than
in the study group. The distribution of the damage is,
instead, similar in both groups as shown by the
comparisons of the delta value and the damage at the
LV. This result corresponds to the literature describing
Table 2 Cases of fatal pulmonary thromboembolism (N=26; 16 females, 10 males, mean age 56 years)
ID Sex Age RV fibronectin LV fibronectin Δ fibronectin RV C5b-9 LV C5b-9 ΔC5b-9
1 f 71 3 1 2 2 0 2
2 m 44 3 2 1 0 0 0
3 f 32 2 0 2 0 0 0
4 f 80 3 1 2 1 0 1
5 f 51 2 2 0 0 0 0
6 f 22 2 1 1 0 0 0
7 m 55 2 1 1 1 0 1
8 m 65 3 2 1 0 0 0
9 f 49 3 0 3 0 0 0
10 f 51 3 1 2 0 0 0
11 f 49 3 0 3 1 0 1
12 f 72 2 1 1 1 0 1
13 m 83 2 1 1 0 0 0
14 f 80 3 1 2 0 0 0
15 m 72 3 0 3 0 0 0
16 m 43 3 1 2 0 0 0
17 f 84 3 2 1 0 0 0
18 f 75 3 1 2 0 0 0
19 f 48 2 0 2 2 0 0
20 m 23 3 3 0 1 0 1
21 f 22 2 2 0 2 0 2
22 m 38 3 1 2 0 0 0
23 f 87 2 1 1 0 0 0
24 f 82 2 0 2 0 0 0
25 m 31 2 0 2 0 0 0
26 m 57 2 1 1 0 0 0
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increased pulmonary pressure associated with ethanol
intake. The intensity of this damage is, however, lower
than the one observed in case of fatal acute pulmonary
hypertension, and this is probably due to the fact that
the increase of pulmonary pressure is related to vascular
constriction and is not related to a physical obstruction
of the pulmonary circle as in cases of pulmonary
embolism.
The reaction with the antibody against the terminal
complement complex C5b-9 turned out negative in most
cases. The different reaction patterns of the investigated
antibodies can be probably explained because of the
different times needed after cardiac insult to show
positive reactions [14, 22]. In some cases, in every
investigated group, little brownish granulations could be
detected at the surface of the cardiomyocytes at high
magnification (Fig. 1d) with the antibody against C5b-9.
We think that this phenomenon represents a beginning
positive reaction. In the literature, however, we could not
find any confirmation of this hypothesis, so that we
systematically considered these reactions as negative.
In conclusion, the results of this research show that fresh
cardiac damage can be detected at both ventricles in cases
of fatal ethanol intoxication with the antibody against
fibronectin. The damage is prevalently localised at the right
ventricle, as already observed in cases of acute pulmonary
hypertension determining right heart failure. Our results
correspond to experimental data describing an increase of
pulmonary pressure under the influence of ethanol. The
degree of damage at the RV in cases of ethanol intoxication
is lower than the one observed in cases of fatal PE.
These results have an important medicolegal relevance as
they represent a morphological sign of acute sufferance of the
right ventricle that may help in completing the diagnostic
process of acute and fatal ethanol poisoning. This may be
especially useful in those cases in which the blood ethanol
levels are not extremely high and the question on the actual
lethality of the ethanol poisoning arises.
Fig. 1 a, b Exemplarily expression of the marker fibronectin in a case
of fatal alcohol intoxication (a, RV grade 2, X100) and pulmonary
thromboembolism (b, RV grade 3,100X). c Immunohistochemical
reaction with the antibody against the terminal complement complex
C5b-9 in case of PE (RV grade 2, x100). d Fine granulations were
occasionally observed in every group (in the picture, RV x400). We
suppose that this phenomenon represents an early positive reaction.
For the present study, however, these findings were considered as a
negative reaction
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